Background-Little is known about the management of acute asthma prior to hospital admission. Pre-hospital treatment of patients referred to hospital with acute asthma was therefore studied in 150 patients divided into three groups: those in the Edinburgh Emergency Asthma Admission Service (EEAAS) who can contact an ambulance and present directly to respiratory services when symptoms arise (n = 38), those under continuing supervision at a hospital respiratory outpatient clinic (n = 54), and those managed solely in primary care (n = 58). Methods-Standardised admission forms detailing aspects of pre-hospital management, case records, GP referral letters, and ambulance patient transport forms were analysed. Results-In each group airflow obstruction had improved upon arrival at hospital, the eVect being most marked in patients transported by ambulance (p<0.001) and in those receiving nebulised 2 agonists prior to admission (p<0.005). However, 25% of patients arrived without having nebulised 2 agonists and 37% without having glucocorticoids. EEAAS patients were least likely to receive nebulised 2 agonists before arrival at hospital (p<0.05). This observation was attributable to a tendency for these patients to travel to hospital by car rather than by ambulance. Conclusions-There is an important shortfall in administration of bronchodilators and glucocorticoids for acute asthma before arrival at hospital. Ambulances equipped with nebulised bronchodilators provide the optimal mode of transport to hospital for patients with acute asthma. In Edinburgh ambulances are not being used by a significant proportion of the population with asthma, possibly because of the mistaken belief that personal transport arrangements reduce journey time to hospital.
The Edinburgh Emergency Asthma Admission Service (EEAAS) was established in 1968 with the aim of ensuring rapid, eYcient access to emergency respiratory services for patients with episodes of life threatening asthma. 1 Patients are given instructions such that, when distressing symptoms arise, they may present directly to the Respiratory Medicine Unit, an ambulance (equipped with oxygen and nebulised bronchodilators) being arranged directly by them or the ward staV following a telephone call to the unit using a dedicated extension number. Patients are encouraged to take oral glucocorticoids whilst transport is awaited. Upon initiation of the system, physicians await the patient's arrival. The service is thus designed to ensure both prompt presentation to hospital and early administration of glucocorticoids and 2 agonists in the event of an attack of asthma.
The service has acted as a model for similar services elsewhere and has been shown to be both eYcient and eVective. 2 However, relatively little is known about patients' contact with medical services and implementation of treatment for severe acute asthma prior to admission to hospital. The present study compared pre-hospital management in three distinct groups of patients admitted to hospital with acute asthma-those registered with the EEAAS, those under continued supervision at a hospital respiratory medicine outpatient department but not registered with the EEAAS, and those managed solely in the community.
Methods

PATIENTS
The admitting physician at the adult Respiratory Medicine Unit, Western General Hospital, Edinburgh completed a standardised admission form for patients presenting with acute severe asthma. All forms were completed immediately upon the patient's admission to hospital. The form incorporated specific detailed questions relating to emergency use of treatments leading up to admission, mode of referral, and mode of transport. The diagnosis of acute asthma was confirmed by a consultant respiratory physician in all cases.
The data obtained were stored on a computer database. The first 150 patients registered in this way were studied. In the event of a patient having been admitted on more than one occasion, only the first admission was analysed. None of the patients studied required mechanical ventilation or admission to the intensive therapy unit.
All cases were assigned to one of three groups depending on previous asthma management. Thirty eight patients were members of the EEAAS, 54 patients were under continued supervision at the hospital respiratory outpatient department but were not registered with the EEAAS (referred to as "clinic" patients), and the remaining 58 patients had no prior contact with hospital respiratory services, their management being solely co-ordinated by primary care (referred to as "primary care" patients).
Additional data were obtained, where appropriate, from the referring general practitioners' letters and ambulance crew patient transport forms.
The following data were acquired and analysed: pre-existing asthma therapy, modes of referral and transport to hospital, preadmission emergency treatment, and peak expiratory flow (PEF) measured before and upon presentation to hospital.
DATA ANALYSIS
Except where otherwise stated, parameters studied did not conform to a normal distribution and non-parametric statistical analyses were used. For responses generating numerical data the Kruskal-Wallis test was used to test for diVerences between the three groups. In the event of statistical significance (taken as p<0.05) the diVerence between one group and another was analysed using the Mann-Whitney U test. For paired numerical data (for example, peak expiratory flow before and upon arrival in hospital) the Wilcoxon signed rank test was used. For responses generating nominal data the 2 test was used. 
Results
DEMOGRAPHIC
MODE OF REFERRAL AND TRANSPORT TO
HOSPITAL
The median duration of symptoms prior to admission was 14 hours for EEAAS patients, 12 hours for clinic patients, and 10 hours for primary care patients (no significant diVerence, p = 0.67). Of the EEAAS patients, nine (24%) requested a visit from their general practitioner which potentially delayed admission to hospital while the remaining 29 (76%) presented as self-referrals. Self-referral was used by six primary care patients (10%) and five clinic patients (9%). Twenty five EEAAS patients (68%) used transport to hospital with no access to emergency treatment (table 2) and approximately one third of primary care patients and a quarter of clinic patients travelled to hospital by car (table 2) .
PRE-HOSPITAL TREATMENT
EEAAS patients were significantly less likely to be treated with a nebulised 2 agonist prior to admission than were patients in the other groups studied (fig 1) . Of the 14 EEAAS patients not receiving a nebulised 2 agonist 12 were self-referrals to hospital, 11 of whom came to hospital by car and one by bus. The remaining two patients were seen by a GP; one A 2 agonist via a nebuliser or large volume spacer device was given by the attending GP in 60% of cases. Of the remaining patients, 47% received a 2 agonist by self-administration or in the ambulance. In all, 20 patients seen by a GP had no record of pre-hospital treatment with a 2 agonist via a nebuliser or large volume spacer device.
GPs prescribed oral or intravenous glucocorticoids in 67 of 102 cases for whom information was available; intravenous treatment was given to 12 patients. Six were treated with intravenous aminophylline. Antibiotic therapy was prescribed in 21% of cases.
MANAGEMENT PROVIDED BY AMBULANCE CREWS Eighty seven patients were transported to hospital by ambulance. It was recorded that a nebulised 2 agonist was given by the ambulance crew to 33 of 71 patients (46%) and oxygen was given, either alone or to nebulise bronchodilators, in 93% of cases.
COMPARISON OF PEF BEFORE AND ON ARRIVAL AT
HOSPITAL
While the PEF was recorded (by a respiratory nurse) for all patients upon arrival in hospital, only 56 of the patients had PEF recorded (by a GP) prior to arrival in hospital. Thus, 56 patients had PEF recordings before and upon arrival in hospital (25 primary care patients, 26 clinic patients, and five EEAAS patients). In each of these three groups the PEF on arrival at hospital was higher (table 3) . Forty four of the 56 patients in whom PEF was recorded before and on arrival in hospital had received nebulised 2 agonists; in this subgroup the median PEF rose from 170 l/min to 210 l/min (p = 0.0032). For the 35 patients transported by ambulance for whom PEF was available before and on arrival in hospital, the median PEF rose from 150 l/min to 210 l/min (p = 0.0007); 11 of these patients received nebulised 2 agonists in the ambulance and, in this subgroup, the median PEF rose from 150 l/ min to 220 l/min.
Discussion
In a small proportion of patients with asthma life threatening airways obstruction develops unpredictably and precipitously. 5 For these patients delayed specialist treatment is associated with increased morbidity and mortality. 5 The EEAAS was developed to identify such patients at the time of their first presentation and to provide them with the facility to access emergency respiratory care directly and immediately upon the onset of asthmatic symptoms. The early administration of oral glucocorticoids and bronchodilators is considered to be necessary in acute asthma, [5] [6] [7] and the benefits of nebulised bronchodilators given in ambulances are now well described. [8] [9] [10] [11] [12] In view of this, EEAAS patients are encouraged to self-administer oral glucocorticoids and to contact the Respiratory Medicine Unit early in the course of an attack. The fast track system encourages the use of ambulance transportation to hospital, and all attending ambulances are equipped with nebulisers and oxygen to allow 2 agonists to be given. Potentially, the system oVers optimal speed of access to hospital as well as eVective first choice treatment for severe asthma prior to arrival, and has provided a widely accepted model for admission of patients with severe asthma. Despite the potential advantages of the system, the present study has identified a number of shortcomings. Principal among these was the finding that EEAAS patients were significantly less likely than clinic or primary care patients to have nebulised 2 agonists prior to admission. This was almost entirely attributable to patients self-referring but failing to notify the hospital and travelling by private transport (or public transport in one case) rather than by ambulance. Because use of home nebulised bronchodilators has been associated with delayed presentation and higher mortality, 13 14 EEAAS patients are generally not prescribed nebulisers for domiciliary use. As such, patients not travelling by ambulance are denied nebulised bronchodilators and supplemental oxygen. In this study ambulance transport and use of nebulised 2 agonists were both associated with highly significant improvements in airflow obstruction upon arrival in hospital.
Why patients should choose to travel to hospital privately rather than by ambulance remains unclear. The EEAAS was established before local ambulances were equipped with nebulisers and the habit of self-transportation may remain instilled in some patients. Alternatively, patients may mistakenly believe that access to treatment is delayed by waiting for an ambulance. Emergency ambulances in Lothian respond to a call, on average, within eight minutes and take an average of 19 minutes to reach hospital (R Muirhead, Fife, Lothian and Borders Ambulance Central Control, personal communication).
Over one third of EEAAS patients had not started oral glucocorticoids prior to admission despite previous advice to do so. A further problem identified was that EEAAS patients tended to delay hospital attendance by requesting a GP's visit, despite instructions to present directly in the event of a severe attack. Also, EEAAS patients had symptoms for longer than clinic or primary care patients before seeking medical help, in keeping with findings elsewhere. 15 16 A trend therefore appears to exist whereby patients most at risk of severe acute asthma are most susceptible to exhibiting behaviour predisposing to severe attacks. It is interesting to speculate whether this type of behaviour pattern, implying poor compliance or poor response to education, is an important factor in determining why EEAAS patients needed to be enrolled in the service in the first instance. Considerable challenges exist with regard to identifying patients prone to such behaviour and establishing the reasons for it. Furthermore, better strategies are required for conveying useful information to these patients regarding early presentation, self-treatment with glucocorticoids, and transportation to hospital. On the basis of our findings we have re-emphasised to all EEAAS patients the benefits of using ambulance transfer from home to hospital, and have repeated advice about early presentation and self-administration of glucocorticoids. This advice is most intensely targeted at patients who have failed to comply with advice in the course of previous attacks of asthma.
As expected, most clinic and primary care patients were seen by a GP prior to admission to hospital. GPs provided admitting physicians with a great deal of information regarding history, medication, and baseline PEF. As such, GPs complied to a large extent with existing guidelines and generally provided high quality of care, as has been found elsewhere in the setting of acute asthma. 17 18 Largely because of management provided by GPs, clinic and primary care patients had a higher chance than those in the EEAAS group of receiving nebulised 2 agonists and oral/intravenous glucocorticoids prior to admission. However, a considerable shortfall in provision of optimal pre-hospital emergency treatment was still identified. Most notably, approximately one third of patients seen by a GP were not given nebulised 2 agonists or glucocorticoids and did not have a PEF recorded, broadly in keeping with findings in comprehensive national surveys. 19 20 Also, antibiotics were frequently prescribed despite lack of evidence for their eYcacy in acute asthma. [19] [20] [21] [22] A high proportion of patients seen by GPs travelled to hospital by private transport, suggesting a lack of perception of the benefits of ambulance transport among GPs. The retrospective nature of this study may have led to an underestimation in the reporting of emergency treatments but we consider that any such discrepancy would be small, given both the multiple sources of information available and the fact that all patients had a detailed history taken immediately upon admission to hospital.
Management provided by ambulance crews proved in the main to be of a high standard. Indeed, ambulance transport was associated with the greatest improvement in airflow obstruction for any subgroup analysed. While this may not be directly attributable to treatment administered in the ambulance, it nevertheless strengthens the argument for ambulance transportation. The capacity to improve hypoxaemia using supplemental oxygen in ambulances augments this position. 5 However, a small proportion of patients who did not receive nebulised 2 agonists in the ambulance had not received 2 agonists from a GP or by self-administration. This suggests that an important minority of patients who warrant nebulised 2 agonists in the ambulance are denied this treatment, a finding that has been described elsewhere, 23 and which emphasises the need for continued training of ambulance crews with regard to asthma.
This study has identified considerable shortfalls in pre-hospital treatment with 2 agonists and glucocorticoids as well as delays in accessing hospital. In addition, it has illustrated the practical problems preventing optimal implementation of self-admission services for acute asthma and emphasises the need to review regularly the eYcacy of such schemes. 
